Sodium chloride, at a concentration of 50 m-equiv/l. was applied to substrates with total nutrient concentrations of 0 -4, 1·7, and 17 m-equivjl. Treatment effects were studied over a 7 -day period.
INTRODUCTION
Plant response to saline substrates might well vary with the ionic composition and strength of the basal nutrient solution. A knmvledge ,of such effects would assist in a be liter understanding of the causal factors involved in a salinity stress.
Most salinity experiments have been carried out at a high ionic strength of the basal nutrient solution. Three concentrations of basal nutrient solution were used in the sodium chloride experiment of Reifenberg and Rosovsky (1947) . It was found that the sodium chloride-treated plants absorbed the highest amounts of chloride and sodium on the substrate of low ionic strength. However, the Neubauer method was used and growth of the Hordeum vulgare plants used 'vas suboptimal. Ion uptake might thus also have been abnormal. Heimann and Ratner (1961) studied the interaction between potassium chloride and sodium chloride, and found no effect of sodium concentration on potassium uptake. Heimann and Ratner did not present growth data and it is thus difficult to interpret the ion data presented. Moreover, Reifenberg and Rosovsky, as well as Heimann and Ratner, studied ion uptake II. METHODS The concentrations (m-equivJl) of macroelements (apart from sodium chloride) in the high nut.rient solutions used in the water-culture experiments described below Were as follows: KCl, 5·28; Ca(N0 3 )2, 5'72; NH 4 H 2 P0 4 , 2·12; MgS0 4 ,4·24. Concentrations of microelements were those of Arnon (cf. Hewitt 1952 (m-e;t;V}I)l
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All solutions had a pH of 4'8. They were renewed every 24 hr and were aerated continuously. In this way, the maintenance of the specified ion concentration at· the root surface was ensured.
Hordeum vulgare, cv. Bolivia (C.P.I. 8315) was transplanted into 3-1. containers with low sodium, medium nutrient solution. Each container had 22 plants and there were six containers for each treatment. By August 20 the first leaf had fully developed and treatments were imposed. Harvest 1 (HI) was taken prior to treatment (eight plants per container). Harvest 2 (Hz) was at HI + 1 day (six plants per container), harvest 3 (H3) at HI +3 days, and harvest 4 (H4) at HI +7 days (for both H3 and H 4 , four plants per container).
At each harvest, two replicates of each treatment were obtained by pooling the plants of three containers. The plants were then sepaj'ated into: leaf 1, leaf 2, leaf 3, sheath 1, sheath 2, and the roots.
Plant material was suspended in water and boiled for 1 hr. The chloride content of the filtrate was determined by the method of Best (1950) and the sodium and potassium content with an HEEL" flame-photometer. Regular potassium determinations of the substrate for the low nutrient level regimes.were also made.
III. RESULTS

(a) Dry Weight and Relative Water Contents
At the low sodium chloride level the dry weight curves for all nutrient treatments followed similar trends. However, at H4, the dry weight of the whole plant increased in the order low, medium, and high nutrient level (Fig. 1) , and this was mainly due to stronger developed growth of leaf 3 and the roots at the higher nutrient level. ... .,----. ,. , retarded by this treatment, but adverse effects were relatively most pronounced in the youngest leaf (leaf 3). At the medium and high nutrient levels leaf 3 was the only plant part which was rednced somewhat in dry weight by high sodium chloride treatment.
It should be mentioned here that in the low nutrient; high sodium chloride treatment the roots developed a distinct brown discoloration after 2-3 days of treatment. Similar root symptoms were 'reported for green beans which were grown in soil with a high percentage of exchangeable sodium (Bernstein and Pearson 1956) . '''.
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r"-. There were few consistent treatment effects on the relative water contents (Fig. 2) . However, at the low nutrient level plants tended to have lower relative water contents than the higher nutrient plants.
(b) Ion Contents
Ion contents (in m-equiv/100 g dry wt.) of the various plant parts are shown in Figure 3 , and absolute potassium contents of these parts (as f'-equiv/plant part) are presented in Figure 4 . Chloride contents of plant water (in m-equiv/I) are presented in Figure 5 .
The relati~e p·otassium contents of the low sodium chloride shoots did not change consistently at low nutrient level, but they increased with time at medium nutrient and particularly at high nutrient level (Fig. 3) . Potassium contents of the individual plant parts usually decreased with time at low nutrient, changed little at medium nutrient, and increased considerably with time at high nutrient level.
High sodium chloride treatment reduced the potassium contents of the whole shoot below those of the corresponding low sodium chloride treatment. In the roots, on the other hand, high sodium chloride substantially reduced potassium contents only in the case of the low nutrient plants (Fig. 3) . In the sodium chloride-treated plants, potassium contents of the individual parts decreased markedly with time at the low nutrient level, but they did not change. appreciably with time at the high nutrient level. Decreases at the low and medium nutrient levels were least pronounced in the youngest leaf, leaf 3 (Fig. 3) .
Absolute potassium contents of the low sodium chloride shoots increased steeply throughout the experiment, and most plant parts contributed to these increases. However, little change occurred in the roots at the low nutrient level and in leaf 1 at both the low and medium nutrient level (Fig. 4) .
In the high sodium chloride treatments, substantial net potassium losses occurred from both the shoots and roots of the low nutrient plants, and these losses took place throughout the course of the experiment. On the other hand, net potassium contents of both shoots and roots of the medium and high nutrient plants increased with time. In the individual parts, leaf 1 and sheath 1 showed very pronounced net potassium losses at low nutrient, smaller net losses at medium nutrient, and small net gains at high nutrient levels. Leaves 2 and 3, on the other hand, increased slightly in potassium even at the low nutrient level (P < O·05),.while at the higher nutrient levels the same plant parts increased strongly in potassium content.
Potassium lost from the whole piant at the low nutrient, high sodium chloride treatment was presumably returned to the substrate. This is indicated by the following increases in the potassium contents of the solutions: (ii) Chloride and Sodium Content.<;
In the low sodium chloride plants, sodium contents were very low, particularly at the medium and high nutrient levels (Fig. 3) . Chloride accumulated to much higher levels than those of the substrate (Fig. 5 ) and at the high nutrient level chloride concentrations were often not greatly below those of the corresponding high sodium chloride plants (Fig. 3) . These observations suggest a further study on the chloride uptake with a range of chloride levels at each nutrient concentration.
In the high sodium chloride treatments, chloride and sodium tended to be higher in the older than in the younger plant parts (Fig. 3) and this was in agreement with previous experiments (Greenway 1962b; Greenway and Rogers 1963) .
Chloride and sodium contents of the shoots of the high sodium chloride plants usually increased regularly with time. However, at the low nutrient level, the rate of chloride accumulation decreased with time. Chloride and sodium contents rapidly increased during the first day of treatment, while the rate of increase was very much slower during the rest of the experiment. At the low nutrient level, chloride and sodium contents of the roots even decreased with time.
In the high sodium chloride treatments, chloride and sodium contents of all parts of the shoot generally decreased in the order low, medium, and high' nutrient level. However, at H 4 , leaves 2 and 3 and sheath 2 contained less chloride and sodium at low than at medium nutrient level (Fig. 3) . Chloride concentrations in the plant water also usually decreased from low to high nutrient plants, the exception being leaf 3 at H4 when chloride contents were lowest in the low nutrient plants (Fig. 5) . It may be noted here that chloride contents are very low during the early stage of development of a plant part (e.g. leaf 3 of all high' sodium chloride plants at H,). It is thus likely that at H4 the very low chloride levels in leaf 3 of the low nutrient, high sodium chloride plants were related to its strongly retarded development (see Fig. 1 ). Figure 3 shows that in the high sodium chloride plants, the low nutrient level treatment always resulted in lower chloride content of the roots than the medium nutrient level treatment and at H4 low nutrient roots were even lower in chloride content than high nutrient roots (Fig. 3) . At both H2 and H3, sodium contents decreased in the order low, .medium, and high nutrient level. However, at H4 the sodium content of the low nutrient roots was less than that of the medium nutrient roots (Fig. 3) .
Absolute amounts of sodium and chloride in the roots are presented in Figure 6 . The net losses of chloride and sodium from the low nutrient, high sodium chloride roots are noteworthy, particularly in view of the high substrate concentration .. It should be remembered that the health of these roots declined during the experiment and this injury might have lead to ion losses during the rinsing with distilled water at harvest. 
IV. DISCUSSION (a) Growth
At the medium and high nutrient levels, growth of this salt-tolerant variety of H. vulgare was not appreciably affected by a sodium chloride treatment of 50 m-equiv/l (Fig. 1) . This is in agreement with the reputation of H. vu.lgare as a very salt-tolerant species (Richards 1954) . However, at the low nutrient level growth was substantially reduced by sodium chloride treatment. This finding emphasizes that the salt tolerance of species, or varieties, is only a relative concept and that other experimental conditions should be clearly defined. This rather large adverse effect was presumably due to the very high sodium and chloride contents, and to the very low potassium contents, of the high sodium chloride, low nutrient plants (Fig. 3) . Such an adverse effect of high chloride and sodium, as well as low potassium contents, was previously suggested for a salt-sensitive variety of H. vulgare treated with 150 m-equiv/l of sodium chloride on a substrate of high nutrient concentration (Greenway 1962a ). This suggestion is now supported by the fact that the shoots of that sensitive variety had similar ion relations to the shoots of the salt-treated, low nutrient plants of the present experiment. However, for the present experiment, it should be noted that the low nutrient level only contained very low levels of all the essential elements. These low concentrations of ions, other than potassium, might also have contributed to the strong adverse effect of the high sodium chloride treatment.
(b) Chloride and Sodium Uptake
The particularly high chloride and sodium contents of the low nutrient, high sodium chloride plants are in agreement with data for sodium presented by Heimann and Ratner (1961) , and for sodium and chloride by Reifenberg and Rosovsky (1947) . These workers showed that in their experiments the reduced sodium uptake was associated with an increased potassium concentration of the substrate. In all high sodium chloride treatments the chloride concentration in the plant water of the youngest leaf was well below substrate level, until it commenced its rapid development (leaf 3 at H3 and at the low nutrient level at H4 (Fig. 5) ). The chloride concentrations of individual plant parts rapidly increased with time, so that they attained levels higher than the substrate, and' particular higb levels were found in leaves 1 and 2. These observations are in agreement with those during previous experiments (Greenway 1962b; Greenway and Rogers 1963) .
These data cast some doubt on the conclusion of Slatyer (1961) that after salt application osmotic pressure of plants is adequately adjusted by rapid electrolyte absorption. Slatyer'used pooled leaf samples of the whole shoot, but a more compli. cated picture might be expected when more individual plant parts are examined.
- Figure 5 indicates that in barley the osmotic pressure adjustment of the very young parts cannot be accounted for by rapid absorption of chlorides supplied in the substrate.
(c) Potassium Uptake and Loss
In the present experiments, considerable net losses of potassium occurred from both roots and shoots of the high sodium chloride treatment at the low nutrient level.* These net losses took place although there was a constant and readily available potassiu·m supply, at a level sufficient to give considerable net potassium increments in the low nutrient, low sodium chloride plants.
Potassium losses from the ,,,hole plant 'vere found by Liindegardh, Biirstrom, and Rennerfelt (1932) for wheat and peas and by Eigabaly (1955) for barley; however, these workers grew the plants on a potassium~free substrate.
The data presented in this paper suggest strongly that, under certain conditions, a considerable circulation of potassium between shoots and substrate can occur. A similar circulation of phosphate for intact barley plants was found by Helder (1958) , but he could not find evidence for a rubidium transport from the shoot back to the root. It should be added that the phosphate losses found by Helder were compensated by a much greater phosphate uptake, whi1e in the present experiment net lORses of potassium 'occurred.
In the present experiment net losses of potassium were also found' from leaf 1 and sheath 1 of the high sodium chlodde plants at the medium nutrient level. Similar net potassium losses from older parts have been found for H. vulgare plants at high nutrient Ievel and treated with 100 m·equiv/I of sodium chloride (Greenway 1962b) . S~ch observations suggest that potassium losses 'from the shoot via the roots to the * The losses from the roots might have heen, at, least partly, due to the injury descrihed earlier. The losses from the shoots are, therefore, of more significance than those from the roots. substrate might also occur at higher nutrient levels, at least from sodium chloridetreated plants. If so, then the efflux from the shoot must hav~ been compensated by a higher influx. Sutcliffe (1956) grew young barley plants at low, but equivalent, concentrations of potassium and sodium and found that the preferential absorption of potassium over sodium was more pronounced in the shoots than in the roots. The comparable treatment in the present investigation (i.e. low nutrient control) also showed a higher potassium---sodium ratio in the young leaves 2 and 3 than in the roots. On the other hand, the reduction of potassium contents below the values of low sodium chloride plants due to high sodium chloride treatment was much more pronounced in the shoots than in the roots at both the medium and high nutrient levels.
In the present experiment, the reduction of potassium content, due to the presence of high sqdium chloride, was rather similar in magnitude at all nutrient levels, and this was despite the large differences in sodium-potassium ratios of the substrates. Similarly, Bange (1959) found that the magnitude of sodium effects on potassium absorption of maize seedlings were independent of potassium concentration in the substrate, provided the substrate contained more than 0·2 m-equiv/l of potassium.
The presented data differ from those of Heimann and Ratner (1961) who found no marked effect of sodium chloride on potassium uptake. This difference supports the conclusion of Bange (1959) that sodium-potassium interactions are dependent on a number of experimental conditions, which would include the composition of the basal nutrient solutjon, the species, the age of the plant, and other factors.
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